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Abstract 


SLTor ipTct”! 1 r/nt VpecVr r t a h ~ 

i\T r st :T c t r'c 

The r inf eriZ U 8 T C ° mparlng ground ^ 1 ut te^and" leather 1 Ur^e t ^pec t r^ 
seen^^^'various^sca^^nd^ ti 1 t C ^ Pa \ W * C *^ S oP stationary ground clutUr 
velocity of moving ground clut ter® retail vI^tT d6nSity ^ 

clutter, and (3)spectral widths and velocities of weather ° nary gro ^ d 
presentation will also include summary numerical resuUs n JhT orm ? 
histograms and example numerical results in the form of spectral plots. 
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Data Frame and Range Bin Geomet^ 


transmitted pulses are called one data frame * Ran^e b^l'lre^spheHcal 

one ^da ta ^raae r ^23 b ° U ^ ,‘ he radar ' EaCh M " ls 144 meters thick BuJlng 
one data frame, 128 samples are collected from each range bin. 8 
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DATA FRAME AND RANGE BIN GEOMETRY 

TOP VIEW I SIDE VIEW 
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1 28 pulses transmitted during 1 28 samples received from each 

one frame range bin 


Comparison of Weather and Cluttei 


Lgr Spectral Shapes 


plot shows a typical weather s^ectru.^ whi h ‘VooK'uS Ho 1 1 ^ 
adjoining peaks In one area of the total <Lv. u . collectl °n of 

appear as one or more distinct velocity peaks Clutter il "h Cl ^ tLer may 
lover power spectral density than the weather' tajg“ * h ‘ 8her ° r 
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COMPARISON OF WEATHER AND CLUTTER 
DOPPLER SPECTRAL SHAPES 
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-15 0 +15 

DOPPLER VELOCITY, M/S 




— Effect of Ve locity Compensation on Stationary Ground Clutter 


^n„nH d r re H S \ V K er c , om P ensates in hardware for the apparent motion of the 

fange blns ar thl^ e ^ f, at the center of the antenna beam. For most 

center i^Vhe V., T enS T P the stationar y ground clutter at the 
center of the velocity spectrum, which is zero meters per second The 

velocities of stationary ground clutter not near the beam center will 

appear with an offset from zero, given by the equation at the bottom of 

PMl°H P | >S Kr 8 ?f ge ' The spectra shown are from a landing approach to the 
hlladelphia Airport. In most cases, stationary ground clutter from the 

P^UernTo be^eTa^ f t0 ° far d °”" ™ th * antenna beam poLr 

reMooMy m ! n ° 1Se ' However ’ an occasional very highly 

‘ * 1 object may appear in the spectrum with a velocity offset. Case 

3 shows one of these occurrences. 



THE EFFECT OF VELOCITY COMPENSATION ON 
STATIONARY GROUND CLUTTER 


o 
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S pectral Width Versus Scan Angle 

widths were calculated versus scan and mt V gle ’ Average spectral 
where the antenna boreslght intersected the 8 u ® lng those range bins 
excluded If their spectra" width was ^ore than Ts ' ^ 

since higher widths indicated the nr-oc , 3 5 meters Per second, 

shows the width inoreasl^ tolrd the ed?e7of ,r vln8 ClUtt ' r ' Th * P 1 ” 1 

the antenna Is tilted further downward. 8 lh SCan and decreasl n8 as 
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Stationary Clutter at Denver 
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Scan Angie, deg 



Moving Clutter S^n in 30 Second of Flight Ow Philadelphia- 
Z3 Decree l ilt, ±30 Degree Scan ' 


comparing the power spectral density of each Lak 8 ^" the S no,! r0<1UC ' d , by 
density of the stationary clutter In the 1 , the power spectral 

of cases, the moving clutter LLs less renectlv. thanTh. "Vm 

clutter. the other ,0 per cent of cases! the Loving clutter^ up""" 

16 times more reflective than the stationary clutter. 
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MOVING CLUTTER SEEN IN 30 SECONDS OF FLIGHT 
OVER PHILADELPHIA : -3 DEG. TILT, + 30 DEG. SCAN 



531 


MOVING CLUTTER PSD (W/HZ) / STATIONARY CLUTTER PSD (W/HZ) 





Wind Shear Hewed Alon& the 0,25-Defiree Azimuth Line 

« „ frame fro " ra " 8 * blns 10 *• - 

meters per second to *9 s'urs per seco^ ^°, » r to -7 

also present In each bln p„i- p P n ,i ' stat ionary ground clutter is 

velocity are biased by stationary clutuT' vekfci ' Vy U^no f \ TT Wlnd 
done. Improved wind velocitv P eHm^ oe eiocity if no filtering is 

calculated f or t„e 
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WIND SHEAR VIEWED ALONG 
THE 0.25° AZIMUTH LINE 


0.24; 


2.59 


5.42 


*7.31 


unfiltered 

filtered 


vel.= 0.00 
vel.= 0.93 BIN 1 0 



nfiltered v 
filtered v 


el.= -2.05 
iel.= —3.16 


ifiltered vpl.= 
filtered viel.= 


unfiltered vel. 
' filtered vel. 


linfiltered vel. ; 
it filtered vfel. ; 
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DOPPLER VELOCITY, M/5 
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NORMALIZED MAGNITUDE OF FFT’D |,Q VOLTAGES 


WIND SHEAR VIEWED ALONG 
THE 0.25° AZIMUTH LINE (CONTINUED) 
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FILTERED HIND VELOCITY 


Comparison of Dopple r Spectra r,™. d 

77 7T ^~~ iiom B anff e Bln 55 

at Various Azimuth Ancles 

degrees ’J-.es °< f~- at -2 25 to ,3,75 

clutter in every frame. Moving clutter appea^ 016 * 1 by statlonar y ground 
as the antenna scans across a highway^ i n the™? n f Stronger > and f ades 
labeled "frm 142" in the upper ri|ht corner the M h Veloclt y map 
series of contrasting recatangular areas in a’n h hlghwa V appears as a 
scan. Since only stationary clutter was filter^ 6 d °, Wn . the center of the 
the map velocities, some of the velocitv e«,Mm T* ° Ut before calculating 
by the moving clutter. However the a J t6S f ° n the map are bia sed 

Physically small in comparison to 'the areas of me T,*" 8 Clutter are 

unbiased weather velocities are readilv dice f ™® asurable weather. Thus, 
map. despite the presence of moving clatter ""o^er areas"®* ° f the 


536 



NORMALIZED MAGNITUDE OF FFT’D l,Q VOLTAGES 


COMPARISON OF DOPPLER SPECTRA FROM 
RANGE BIN 55 AT VARIOUS AZIMUTH ANGLES 





R-Max <w) - 1B134 . Center 



FILTERED WIND VELOCITY 




CONCLUSIONS 
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scan, due to the wider physical extent of the weather 
phenomenon. 


Spectrum Characteristics of Denver and Philadelphia Ground Clutter and the Problem of 
Distinguishing Wind Shear Targets from Moving Clutter 

Questions and Answers 

Qj Jim Evans (MIT) - One of the important questions in reviewing the ability to reject ground 
clutter by filtering is what the base noise of your system is. What is the base noise of the system 
you are using in terms of instability residues? 

A: Ann Mackenzie (NASA Langley) - You mean the noise of the receiver system? 

Q: Jim Evans (MIT) - Well, it has to do with your transmitter system and the amplitude in 
phase variations it may apply as it puts out pulses, plus and noise in your local oscillator. What 
you will see when you analyze the spectrum, if you just sat on the ground and bounced the signals 
off of a nice target, is a big spike at zero velocity and then you will see a noised floor from 
anywhere from twenty to fifty or sixty dB down, that is almost flat. It turns out that is one of the 
expensive items in trying to build a pulse coherent radar, and it is an important element in terms of 
trying to understand the significance of your results. That is why I asked the question; what is the 
instability residue of your system? You can not build a system that puts out exactly to a 
thousandth of a dB the same pulse amplitude every time it transmits. 

A: Brae Bracalente (NASA Langley) - 1 would like to address that. This is a design that was 
provided to us by Collins. All I can tell you is that it has a very stable low noise level. Our noise 
sensitivity is down around minus 1 10 dBZ and we see signals down that low. I can't tell you what 

. e exact number is, that is something you will have to talk to Collins about. All I know is that it 
is a low number. 

Q: Jim Evans (MIT) - That is not the right number. The number I am asking about is signal 
dependent noise? ° 

A: Brae Bracalente (NASA Langley) - Are you talking about the clutter noise generated by 
jitter phase instability. 

Q: Jim Evans (MIT) - Phase and amplitude instabilities either at the transmitter or the receiver. 

A: B**ac Bracalente (NASA Langley) - 1 can not give you the exact number on that. All I know 

is that it is pretty low. I think it is at a low enough level to not be a problem in the operation of 
the system. 
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